Abstract We reviewed the findings of a video fluoroscopic swallowing study (VFSS) of 28 patients with vocal cord paralysis (VCP) who complained of swallowing difficulties. VFSSs were performed with thick and thin liquid using modified Logemann methods. The patients were grouped according to whether their VCP was of central or peripheral origin, and the VFSS findings of the groups were compared. The patients showed oral phase dysfunction and pharyngeal dysfunction, especially when the cause was of central origin. Oral phase abnormalities were found in 13 patients and pharyngeal phase abnormalities were found in all patients, including penetration in 20 patients and aspiration in 14 patients. Improper lip closure (LC) and bolus formation (BF) and a delay in triggering pharyngeal swallow (TPS) and upper esophageal sphincter release (UESR) were significantly more frequent in patients with central VCP. With thin-liquid swallowing, pharyngeal transit time (PTT) and pharyngeal delay time (PDT) were significantly more prolonged in central VCP. The results suggest that the delay in triggering and poor coordination of swallowing were profound in patients with central VCP, but dysfunction in peripheral VCP may originate from poor pharyngeal movement.
laryngopharyngeal sensation based on the findings of flexible endoscopy. Heitmiller et al. [7] asserted that aspiration resulted from impaired airway protection rather than esophageal obstruction in patients with unilateral vocal fold motion impairment, and recommended video pharyngoesophagography as the technique of choice to identify patients at risk for aspiration. In a study by Bhattacharyya et al. [8] , pharyngeal phase abnormalities such as delayed initiation of swallowing, reduced laryngeal elevation, and reduced upper esophageal sphincter (UES) opening were found in video fluoroscopic swallowing studies (VFSS). In a manometric evaluation by Wilson et al. [5] , patients with central-and peripheral-type VCP had different findings during the swallowing process, suggesting that the location of pathologic lesions is one of the important factors of swallowing dysfunction.
Although VFSS is recognized as a valuable technique in the evaluation of patients with swallowing difficulties, including VCP, a comprehensive evaluation of VFSS findings of patients with VCP has not been attempted. Moreover, the difference in VFSS findings between peripheral-and central-type VCP has not been investigated. Therefore, we conducted this study to determine the characteristics of VFSS findings in patients with VCP. The VFSS findings of peripheral-and central-type VCP were also compared.
Subjects and Methods

Subjects
After obtaining approval from the Institutional Review Board of Dankook University Hospital, the subjects were identified from the database of the Department of Rehabilitation Medicine. Patients who were diagnosed with VCP from those who were evaluated by VFSS because of swallowing difficulties or aspiration symptoms were included in the study. Documentation of VCP mandated a visual inspection of the patient's vocal cords by an otolaryngologist in our institution to confirm the diagnosis. The medical records were reviewed to determine age, gender, documentation of VCP, cause of VCP, and aspiration symptoms. We excluded patients with structural abnormalities of the oral cavity, pharynx, or larynx.
Twenty-eight patients were identified and included in the analysis. All subjects were adults, with a mean age of 56.2 ± 16.6 years. Eighteen patients (11 males and 7 females) who were diagnosed with VCP of peripheral origin were designated as the peripheral VCP group, and ten patients (3 males and 7 females) who were diagnosed with VCP of central origin were designated as the central VCP group. The causes of peripheral VCP included recurrent laryngeal nerve injuries (n = 2), vagus nerve injuries (n = 2), and idiopathic VCP (n = 14). The central VCP group consisted of seven patients with strokes (6 patients with brain stem infarction and 1 with cortical stroke), two patients with traumatic brain injuries, and one patient with a brain tumor. Every effort was made to rule out peripheral causes in the central VCP, but there still remains a possibility of coexistence.
The mean interval from onset of VCP to the time of the VFSS was 49.0 ± 62.2 days, and there was no significant difference between the central VCP group (43.7 ± 66.8 days) and peripherals VCP group (58.6 ± 55.2 days).
Methods
With the subject seated, VFSS was performed using modified Logemann methods [3] . The swallowing images in the lateral projections were recorded and stored digitally at a speed of 30 frames per second. First, a screening test was done using 1 ml of thin liquid. After that, a 3-ml thick liquid swallowing test and a 3-ml thin-liquid swallowing test were done in sequence. Each subject completed four or five swallows of thick (200% diluted barium) and thin liquids (70% diluted barium).
The images of the VFSS records were analyzed frame by frame by the same physiatrist with expertise in VFSS analysis. The swallowing processes in the oral and pharyngeal phases were evaluated, as shown in Table 1 . In the oral phase, lip closure (LC), i.e., maintenance of labial seal to ensure that no food or liquid falls from the mouth [3] ; bolus formation (BF), i.e., mastication and preparation of a semicohesive bolus or ball (3); and residue of the oral cavity (ROC), i.e., residue of the barium on the floor of the mouth, tongue, hard palate, and anterolateral sulcus (3) were assessed, and the oral transit time (OTT) was measured. In the pharyngeal phase, triggering of pharyngeal swallow (TPS), i.e., elevation and anterior movement of the hyoid and larynx with the bolus head passing the spot where the lower edge of the mandible crosses the tongue base [3] ; laryngeal elevation and epiglottic closure (LEEC), i.e., getting closer and tilting forward of the arytenoids to the base of the epiglottis and closing the airway as the larynx is elevated [3] ; residue in the valleculae (RV) and pyriform sinus (RP), i.e., barium residue on the vallecula and pyriform sinus after swallowing [3] ; and upper esophageal sphincter release (UESR), i.e., opening of the UES with the bolus head reaching the cricopharyngeal sphincter [3] were assessed, and the pharyngeal transit time (PTT) and pharyngeal delay time (PDT) were measured.
The OTT was defined as the length of time from the first frame showing backward movement of food to when the bolus head reaches the spot where the lower edge of the mandible crosses the tongue base [3] . The PTT was defined as the time from the point at which the bolus head passes the spot where the lower edge of the mandible crosses the tongue base to when the bolus tail passes through the cricopharyngeal region, which is located behind the cartilage, approximately 1 cm below the true vocal folds [3] . The PDT is a component of the PTT and was defined as the time from the arrival of the bolus at the point where the lower edge of the mandible crosses the tongue base until the pharyngeal swallow is triggered [3] . Triggering or onset of the pharyngeal swallow was defined as the first video frame that showed laryngeal elevation as a part of the pharyngeal swallowing complex [3] .
The presence of penetration or aspiration was also noted. Penetration was defined as the presence of the bolus within the laryngeal inlet, but above the true vocal cord [3] . Aspiration was defined as the passage of the bolus material beyond the level of the true vocal cord [3] . The parameters mentioned above were determined based on previous studies of VFSS [9] [10] [11] .
Statistical Analysis
The frequency of abnormalities of the peripheral and central VCP groups was compared using Fisher's exact test, and the difference in time parameters such as PDT and PTT was tested using the Mann-Whitney test. The statistical significance was set at P \ 0.05.
Results
Abnormal Findings in VFSS
Abnormalities in the oral and pharyngeal phases are summarized in Table 2 . In the oral phase, LC was incomplete in 6 patients (21.4%), BF was abnormal in 9 patients (32.1%), and excessive residue remained in the oral cavity after deglutition in 7 patients (25%). The OTT was delayed in 7 patients (25%).
In the pharyngeal phase, delayed TPS, excessive RP, and prolonged PTT with swallowing of thick liquid showed relatively high occurrence ([ 60%), and incomplete LEEC and excessive RV showed very high occurrence (75%). Aspiration was documented in 14 patients (50%), and 20 patients (71.4%) showed penetration. In general, swallowing defects were more frequent in the pharyngeal phase than the oral phase.
Peripheral versus Central VCP
In the oral phase, the frequency of abnormalities was higher in the central VCP group (40-60%) than in the peripheral VCP group (0-16.7%; Table 3 ). Incomplete LC and BF occurred more frequently in the central VCP group than in the peripheral VCP group, and the difference was statistically significant (P \ 0.05; Table 3 ). However, the frequencies of delayed OTT and excessive RO were not significantly different.
In the pharyngeal phase, the central VCP group had a higher frequency of abnormalities throughout the parameters (60-90%; Table 4 ). The differences in the frequency of TPS, UESR, and aspiration were statistically significant (P \ 0.05; Table 4 ). The peripheral VCP group had a higher frequency of abnormalities in LEEC (66.7%), RV (72.2%), and RP (55.6%) than other parameters, but the frequencies were still lower than those of the central VCP group.
Among the time parameters, PTT and PDT with thin liquids were significantly longer in the central VCP group (4.5 ± 4.9 s and 2.0 ± 2.4 s, respectively) than in the peripheral VCP group (0.9 ± 0.3 s and 0.4 ± 0.2 s, respectively; P \ 0.05; Fig. 1 ).
Discussion
Most studies of patients with VCP have concluded that the main cause of dysphagia is the reduced mechanical protection of the glottis [4] [5] [6] . However, Tabaee et al. [6] reported that pharyngeal sensory impairment is involved, and Battacharyya et al. [8] suggested that diminished cough strength is also an important cause. The results of the present study suggest that the cause of dysphagia in patients with VCP is a combination of reduced pharyngeal motility, poor coordination of deglutition, and a lack of mechanical protection. For definitions of abbreviations, see Table 1   Table 3 Oral phase abnormalities in peripheral and central VCP groups For definitions of abbreviations, see Table 1 * P \ 0.05 by Fisher's exact test For definitions of abbreviations, see Table 1 * P \ 0.05 by Fisher's exact test
The oral phase abnormalities in patients with VCP have not been addressed in the extant literature. In the current study, oral phase abnormalities were documented in 13 patients (46.4%). In the central VCP group, oral dysfunction existed in 7 patients (70%), and only 6 patients (33.3%) had oral dysfunction in the peripheral VCP group. Delayed oral transit time tended to occur more frequently in the central VCP group, although this difference did not reach statistical significance (P = 0.063). We believe that these results might achieve significance in a larger sample of patients. The oral phase abnormalities in the central VCP group may result from incoordination of the swallowing process. However, we cannot completely rule out the possibility of overestimation in the peripheral VCP group because two patients had painful varicella zoster in the perioral area and one patient had idiopathic facial spasms, which may affect the oral motor function.
Heitmiller et al. [7] reported that 38 and 12% of the patients with unilateral vocal cord immobilization had penetration and aspiration, respectively. Battacharyya et al. [8] reported that the incidences of penetration and aspiration were 31.3 and 23.4%, respectively, in patients with the same vocal cord pathology. In the current study, the incidences of penetration and aspiration were higher than in previous reports. We speculate that the higher incidences of penetration and aspiration can be explained by the difference in the composition of study group. In the current study, the patients with VCP of central origin had higher incidences of penetration and aspiration; in previous studies only a small number of those subjects were included or were not included at all.
In the present study, abnormal findings of VFSS in patients with VCP were shown throughout the oral and pharyngeal phases, and the frequencies of penetration and aspiration were relatively high. Compared with the central VCP group, VFSS abnormalities in the peripheral VCP group were primarily in the pharyngeal phase. Abnormalities of upper esophageal sphincter release, triggering of pharyngeal swallow, and aspiration were significantly more common in the central VCP group. In the peripheral VCP group, abnormalities of laryngeal elevation and epiglottic closure and residue in the valleculae and pyriform sinus were relatively more frequent than abnormalities of other parameters. These results suggest that the major cause of dysphagia in the peripheral VCP group could be reduced pharyngeal movement. On the other hand, a delay in the triggering of the swallowing reflex and poor coordination of the swallowing process could be the main causes of dysphagia in the central VCP group. In view of treatment planning, the results of the present study suggest that the treatment of patients with peripheral VCP needs to be focused on pharyngeal muscle strengthening, but in the patients with central VCP, the treatment should be focused on training to improve triggering and coordination of swallowing.
We found that pharyngeal transit time and pharyngeal delay time were significantly longer in the central VCP group, but only with thin liquids. It is known that the pressure generated by the oropharyngeal structures increases with increased bolus viscosity, and the oropharyngeal muscular activity also increases [12] [13] [14] . It is possible that the oropharyngeal muscular activity was not provoked by the low viscosity of thin liquids.
In this study, male patients made up about 61% of the peripheral VCP group, whereas females were predominant in the central VCP group. The gender distribution in the peripheral VCP is reasonable, according to previous reports. Klechner et al. [15] reported that males slightly exceeded females (55.6 vs. 44.4%) in retrospective research of 117 subjects with VCP. Also, males accounted for nearly 66% in the study by Heitmiller et al. [7] . It is hard to explain the predominance of females in the central VCP group, but we postulate that the distribution was skewed coincidently by the small sample size.
The present study has a few limitations. As mentioned before, the sample size was small. We could not completely rule out the peripheral lesion in central VCP, while we were able to rule out a central lesion in peripheral VCP by means of brain MRI. We could not find evidence in the medical records of the patients with central VCP that suggested peripheral VCP. The subjects had a common manifestation of vocal cord palsy but the specific causes were heterogeneous. Therefore, the high frequency and wide distribution of abnormalities in VFSS, especially in central VCP group, may originate from the differences of the natural course and clinical characteristics among Fig. 1 Comparison of pharyngeal delay time and pharyngeal transit time between groups. With thin-liquid swallowing, the pharyngeal transit (PTT) and pharyngeal delay times (PDT) were significantly longer in the central VCP group (P = 0.003 and P = 0.016 by Mann-Whitney test, respectively). The PTT and PDT with thick liquids were also longer in the central VCP group, but the differences were not statistically significant subgroups. Such heterogeneity may limit generalization of the results of the present study, which seems to be a common limitation of most studies regarding vocal cord palsy. Stratification of subjects based on etiology was not possible because of the small sample size and retrospective nature of our study, but the present study was not focused on a specific etiology of vocal cord palsy. In future studies, correction and analysis of the data according to etiologic subgroups may be required. Another limitation of the present study is wide range of time from onset of VCP to VFSS. Patients with VCP of different severity and time course could be mixed together, resulting in a wide range of pharyngeal delay time and pharyngeal transit time. Differences in pharyngeal delay time and pharyngeal transit time with thick-liquid swallowing between groups might be masked by the wide range of data.
Nevertheless, this is the first study to evaluate the comprehensive characteristics of VFSS in patients with dysphagia resulting from VCP, and to compare the swallowing patterns of peripheral and central VCP patients using VFSS. In the future, prospective studies are required to establish more accurate diagnosis and avoid overlapping of groups. Follow-up VFSS will be helpful in investigating the clinical course and prognosis of swallowing difficulties of VCP patients. Finally, a study using larger patient group with homogeneous etiology is required to enhance the statistical significance and further elucidate the usefulness of VFSS in vocal cord disorders.
Conclusions
Patients with VCP and dysphagia can have oral phase dysfunction as well as pharyngeal dysfunction, especially when the cause is of central origin. Abnormal findings of VFSS in patients with VCP frequently occurred in the pharyngeal phase, in which delayed TPS, reduced LEEC, increased RV and RP, and prolonged PTT were particularly common. The main dysfunction in VCP of central origin could be the delay in triggering and poor coordination of swallowing, but the major problem in VCP of peripheral origin could be impaired pharyngeal movement.
